The evidence
One double-blinded randomised placebo-controlled trial (Brandeker et al., 2015) and two prospective case series (Lervik et al., 2010 , Lund et al., 2013 were identified as relating to this question. The studies by Lund et al. (2013) and Lervik et al. (2010) had a relatively low sample size (n= 54 and n= 53, respectively). The largest sample size studied was 75 (Brandeker et al., 2015) . Sample size was reduced by loss to follow-up in all three studies. Two studies were identified (Brandeker et al., 2015 , Lervik et al., 2010 as specifically considering the effect of glucocorticoids on outcome in dogs bitten by the European adder. No studies of time to recovery in relation to glucocorticoid treatment were found. The study by Brandeker et al. (2015) was a double-blinded randomised controlled trial and thus ranks highly in term of evidence hierarchy. It does have some limitations which somewhat reduce its value and applicability to general first opinion practice. Findings in the prospective case series by Lervik et al. (2010) are in accordance with those of Brandeker et al. (2015) ; however, the evidence is weaker due to study design. Lund et al. (2013) focused on adverse effects of antivenom in a prospective case series. This study is not directly related to the PICO question and is of lower evidentiary value but was accepted after full review, based on the inclusion of dogs treated with glucocorticoids.
PICO question
In dogs bitten by the European adder (Vipera berus), do corticosteroids and supportive treatment improve clinical outcome compared to supportive treatment alone?
Clinical bottom line
 There is currently insufficient strength of evidence to either support or reject the use of glucocorticoids in dogs bitten by the European adder (Vipera berus) and further controlled trials are needed to fully answer this question.  Glucocorticoids may be indicated in cases of adverse reaction to antivenom treatment although there is not enough evidence to conclude whether there is a benefit to prophylactic administration prior to antivenom treatment. No studies found a beneficial effect of corticosteroid treatment in these patients apart from in one case of adverse reaction to antivenom (Lund et al., 2013) . No detrimental effect of corticosteroid administration was identified by the current evidence. Two retrospective case series by Turkovic et al. (2015) and Sutton et al. (2011) provided the lowest ranking evidence considered. These were of limited use and provided statements relating to the use of glucocorticoids, which appeared to be based on conjecture, or findings relating to other snake species. These two studies are therefore not included in the evidence summary.
Summary of the evidence
Brandeker et al. (2015)
Population: Dogs bitten by Vipera berus between April 2011 and September 2012 and presenting to Evidensia Södra Djursjukhuset or Evidensia Specialistdjursjukhuset Strömsholm, within 24 hours of the bite.
Inclusion criteria:  reported snake bite (observed snake bite, fang marks or a high suspicion of snake bite) and  clinical signs typical of envenomation (local swelling and pain)
Exclusion criteria:  pregnancy  vaccination within last two weeks  renal disease  diabetes mellitus  hyperadrenocorticism  on-going treatment with glucocorticoids for pre-existing medical conditions  treatment with non-steroidal anti-inflammatory drugs (NSAIDS)  antivenom treatment Sample size: n=75 (hospital one n= 51, hospital two n= 24)
Intervention details:
 Two treatment groups: PRED (n= 38) and PLACEBO (n= 37)  One subcutaneous injection of 1mg/kg prednisolone (PRED) OR 0.1ml/kg 0.9%NaCl (PLACEBO) at admission, following envenomation by the European adder  Supportive treatment: all dogs received IV fluids (type not specified) and opioid analgesics (methadone or buprenorphine -dose rates not specified)  Double blinded: the intervention treatment was administered by a technician
Study design: Randomised controlled trial (double-blinded)
Outcomes studied: Data collected at three timepoints:
 day one = admission  day two = 24h +/-5h (hospital one) or 24h +/-12h (hospital two) 
Limitations:
 The exclusion of dogs who were deemed to require antivenom after inclusion in the study is a potential source of bias. These dogs may have been more severely affected  The randomisation method is not sufficiently described and hence it is unclear whether the study can truly be classified as a randomised controlled trial. A few of the outcome variables were recorded restrospectively, leading to questions of the blinding process  Variation in treatment following administration of prednisolone or placebo leading to a confounding effect of a non-standardised intervention protocol  21 dogs were lost to follow-up thus reducing the sample size. It is not specified which treatment group these originated from  Statistical analysis does not appear to account for confounders  Lack of standardisation of measurement of outcome parameters such as oedema and mental status, and multiple observers, leads to a lack of objectivity when comparing the two treatment groups  Presence or absence of cardiac arrhythmia not based on ECG and may therefore be under-estimated  Due to the referral setting, dogs with mild and only local signs may have been under-represented thus creating a bias towards more severely affected dogs  Wider range of time from bite to presentation in the prednisolone treated group (1-24 hours) versus the placebo group (0.5-11.5 hours) and non-standardised timing of steroid administration and data collection in relation to time of bite  A sample size calculation is not described in the methods  Analgesics -buprenorphine, methadone or transdermal fentanyl (dose rates and routes not specified): (n= 36)  Antibiotics: (n=10) (drugs, dosage and route not specified)  Glucocorticoid treatment:
 no glucocorticoids: n=31  glucocorticoids prior to admission (owner of referring veterinary surgeon): n = 7  0.1-0.25mg/kg betamethasone per os, once (n= 5)  0.6mg/kg prednisolone injection (route not stated) (n= 1)  1mg/kg prednisolone per os, once (n=1)  glucocorticoids on admission: n= 16  1-2 mg/kg prednisolone injection (route not specified), once (n=11)  0,2-2mg/kg prednisolone injection (route not specified) for 2-5 days (n= 2)  1-1.25mg/kg prednisolone per os, once (n=3)
Study design: Prospective case series
Outcomes studied: Data collected at four timepoints:  No significant differences were found between the glucocorticoid treated group and non-glucocorticoid treated group in terms of:  Degree of swelling  Mental status  Day two ALT was significantly higher than day one ALT in the glucocorticoid treated group compared to the untreated group  Treatment with glucocorticoids did not have any clear positive or negative effect on clinical signs and mortality
Limitations:
 The distribution of cases between the two hospitals is not described and is therefore a source of potential bias due to possible differences in treatment and assessment of patients  Several observers and non-standardised measurement of subjective variables such as degree of oedema lead to a lack of objectivity when comparing the glucocorticoid-treated and untreated groups  Confounding effect of non-standardised treatment protocols is not accounted for  20 dogs lost to follow up and serum analysis not included for 19 dogs, thus decreasing the sample size  Different numbers of samples at the different timepoints; missing data  Oedema measurement not standardised in some cases (17%) -this outcomes was measured after steroid administration  Four dogs had known concurrent disease. A justification of the inclusion of these individuals is not provided. It is unclear why a dog with hyperadrenocorticism was included when dogs with pre-existing liver disease or receiving long-term steroids were excluded  Bias due to dogs receiving glucocorticoids being likely to have shown more severe clinical effects following the adder bite  Discussion states that no difference was found in recovery time between the two groups although this measurement is not clearly described or stated in materials & methods or results  Lack of statistical analysis; poor reporting of statistical analysis makes it difficult to fully assess the results  Variation in dosage and timing of steroid administration leading to a non-standardised intervention  Conclude that no positive or negative effect on mortality but no dogs died so difficult to conclude this Sample size calculation is not provided  IVFT, predominantly crystalloids (dose rate not specified): all dogs n= 54  Antimicrobials (route and dose not specified): n= 51  Amoxicillin or amoxicillin clavulanate (n = 39)  Enrofloxacin (n = 9)  Clindamycin (n = 3)
 Corticosteroids: n= 21  Prednisolone (0.5-4mg/kg PO) administered by owner (n = 9)  Prednisolone (PO, SC or IV, dose not specified) 
administered by veterinary surgeon (n = 6)  Hydrocortisone (PO, SC or IV, dose not specified) administered by veterinary surgeon (n = 1)  Non-specified steroid (n =1)  Non-self-limiting facial swelling secondary to antivenom administration responded to corticosteroid therapy in one dog  Two dogs developed adverse reactions to antivenom despite prior glucocorticoid treatment  It was uncertain whether glucocorticoids prevented the development of adverse reactions in the remaining 20 dogs who received both glucocorticoids and antivenom
 Many observers and non-standardised treatment protocols resulted in a number of confounders  A control group is used only for blood and urinalysis and is not adequately described  Proportions of patients from referral versus first opinion practice are not documented, leading to a potential bias in severity of clinical symptoms and timing of treatments  The intervention is not standardised: need for antivenom treatment was made subjectively by a number of different veterinary surgeons. Dogs receiving antivenom may therefore have been more severely affected than the control group  Subjectivity of a number of the outcome variables and multiple observers results in a lack of objectivity and comparability of results  Response rate to questionnaires is not reported. It is possible that questionnaires at the university were more likely to be responded to as the investigator was on site to chase up. There is therefore a possible further bias towards those dogs presenting to the referral center and thereby potentially more severely affected  Lack of randomisation or matching of study and control groups
Appraisal, application and reflection
Evidence pertaining to this PICO question is limited and of variable evidentiary value. The quality of evidence available is generally limited by bias due to non-standardised treatment and intervention protocols as well as potential bias towards more severely affected dogs and a reliance on measurement of subjective outcome variables. Confounders such as the amount of venom per bite, non-homogenous venom in different adder populations, location of bite, body size of dog and time to presentation are present in all three studies and are difficult to control for in a clinical research setting. Routine investigations are relatively insensitive for detecting cardiac arrhythmia and renal injury and, as such, these potential markers of clinical outcome are difficult to fully assess in these studies (Palviainen et al., 2013 , Vestberg et al., 2017 .These factors limit the conclusions that can be drawn from these studies regarding effects of glucocorticoids in envenomated patients. The study by Brandeker et al. (2015) reports no difference in mental status, extent of oedema, appetite, vomiting and diarrhea, cardiac arrhythmias, C-reactive protein (CRP), prothrombin time (PT), total leucocyte count or duration of hospitalisation between prednisolone and placebo-treated groups. These findings are relevant to answering this PICO question since many of these parameters could influence clinical outcome. This study ranks highly in terms of evidence hierarchy. However, there are a number of limitations which do influence the quality of the evidence produced and its applicability in general small animal practice. The randomised and double-blinded status of this study is questioned by a lack of adequate description of the methods used and the fact that one of the outcome parameters was recorded retrospectively. There is a bias towards earlier treatment in the placebo group as demonstrated by a wider distribution of time from bite to presentation in the prednisolone-treated group compared to the placebo group. Non-standardisation of the treatment protocol beyond the initial prednisolone or placebo injection and of treatment within the prednisolone-treated group also creates problems with comparability. Dogs requiring antivenom were excluded. Whilst this eliminates this confounding factor, another source of bias is created since the patients requiring antivenom may have been more severely affected. Furthermore, information regarding the proportional group allocation of dogs excluded once they were deemed to require antivenom is not provided. Many of the outcome parameters are subjective variables with multiple observers involved, again leading to objectivity problems when comparing the two groups. A sample size calculation is not described and statistical analysis does not appear to account for confounders. Twenty-one dogs were lost to follow up and the exact proportions of cases lost to follow-up between the two groups is not described. Milder cases may have been under-represented in this study and as such the applicability to first opinion practice is limited. Lervik et al. (2010) also compared glucocorticoidtreated dogs to non-glucocorticoid treated dogs. This study can be considered of some use in answering this PICO. Findings of no significant difference in degree of oedema and mental status between glucocorticoid-treated and non-glucocorticoid treated untreated dogs are consistent with those of Brandeker et al. (2015) . This study does however suffer similar limitations to the study by Brandeker et al. (2015) , in addition to its lower ranking evidentiary status due to design. Bias due to lack of randomisation, non-standardised intervention and treatments as well as the confounding effects of concurrent disease make comparisons difficult. Sample size calculation is lacking and statistical analysis is poorly reported, thus hindering interpretation of significance. There is a greater bias towards most severely affected dogs in this study since the decision to administer glucocorticoids was based on the individual clinician's opinion. The authors discuss the fact that no difference was found in mortality rates or time to recovery between the two groups. However, this should be interpreted with caution given the fact that these parameters are not defined in the materials and methods or reported in the results. The mortality rate of dogs bitten by the European adder is reported to be between 3% and 4.8% (Sutton et al., 2011 , Kängström, 1989 . It is therefore possible that the lack of observed difference found in this study is due to small sample size rather than lack of effect. The study by Lund et al. (2013) is at first glance not related to the PICO question. However, on more thorough review, it does provide some useful insights and thoughts to base further research on despite not being able to provide direct conclusive evidence specifically regarding glucocorticoid treatment and outcome. Approximately 39% of dogs in this study received steroids; two dogs developed adverse reactions to antivenom despite prior treatment with steroids. Corticosteroid administration was of benefit to one dog in this study during an adverse reaction to antivenom treatment but did not prevent adverse reaction to antivenom in two dogs. A further 19 dogs received corticosteroids in this study and did not suffer an adverse reaction to subsequent antivenom treatment. Causation cannot be established but it does suggest that further studies regarding glucocorticoid use and adverse reactions following antivenom administration would be useful. This study also suffers a number of limitations including a lack of matching of the control group, subjective outcome measures and non-standardised treatments. Confounding effects of antivenom treatment and time of glucocorticoid administration in relation to antivenom treatment are also present, which limit the study's value. The studies by Brandeker et al. (2015) and Lervik et al. (2010) refer to the finding of a negative association between steroid administration and survival in dogs bitten by Vipera palaestinae (Segev et al., 2004) . Whilst this finding is interesting, viper venom varies between species and individuals (Malina et al., 2017 , White, 2005 and findings from this study are subject to bias due to more severely affected dogs being more likely to be administered steroids. The study by Segev et al. (2004) also fails to specify route of corticosteroid administration, dose rates and timing of administration in relation to bite. Therefore, statements basing contraindications for steroid administration on the treatment of Vipera berus envenomation, on this evidence, should be interpreted with caution. Controlled, randomised studies involving injecting venom in canine patients could help to answer this question more fully but are very unlikely to obtain ethical approval. In summary the main findings of this review are that extent of oedema, mental status and duration of hospitalisation are not significantly different in Vipera berus envenomated dogs treated with glucocorticoids compared to dogs receiving supportive treatment alone. Hence, there is currently no evidence that glucocorticoids improve clinical outcome in these patients. However, these findings are largely from one randomised controlled trial subject to some limitations and largely apply to dogs presenting with more severe symptoms. Little evidence exists regarding the use of glucocorticoids in dogs with mild symptoms after envenomation. Further studies are needed to fully answer the question of whether glucocorticoids should be indicated or not in these patients. Whilst there is also currently no conclusive evidence to suggest that steroids are contraindicated in dogs bitten by the European adder, clinicians should consider that administration of glucocorticoids by an owner may delay them seeking veterinary help. Given the suggestion by the current evidence that glucocorticoids are unlikely to have a large beneficial effect, and the possibility of consequent delays in seeking expert help, steroids cannot currently be recommended as an emergency treatment for owners to administer or as a necessary part of a clinical treatment protocol, other than possibly in cases of adverse reaction to antivenom. These findings are in accordance with the human literature. Studies in humans have failed to demonstrate improvement in clinical outcome following glucocorticoid administration in snake-envenomated patients other than in cases of adverse reaction to antivenom (Karlson-Stiber et al., 2006, Boels et al., 2012). Glucocorticoid administration following Vipera berus envenomation in humans is limited to cases of acute or delayed hypersensitivity to antivenom treatment.
Further high-quality evidence through randomised controlled trials with greater standardisation of treatment protocols would be helpful in answering this question fully. It would also be of use to study dogs presenting to first opinion practice. Studies comparing time to presentation between dogs administered glucocorticoids by the owner and dogs who do not receive glucocorticoids at point of bite, could also be helpful in building a more convincing body of evidence, for or against the use of glucocorticoids in this scenario.
Methodology Section Search Strategy
Databases searched and dates covered: 
Exclusion / Inclusion Criteria

Exclusion:
 Envenomation by snake species other than Vipera berus  Non-english language.  Letters, book chapters, short communications.  Reviews of available treatments.
Inclusion:
 Studies regarding the use of glucocorticoids in canine patients envenomated by Vipera berus. 
Search
